Objective: In the present study, we focused on the environment-friendly processes used for the preparation of pyrimidine derivatives with pharmacological properties. In this regard, microwave heating is used as the alternative energy sources to synthesize a series of pyrimidine derivatives by the condensation of chalcones with urea under basic conditions. Chalcones were synthesized by Claisen-Schimidt condensation of acetophenone with various substituted benzaldehyde in the presence of ethanolic potassium hydroxide solution. Methods: The IR, 1 H-NMR, mass spectra and CHN analyses confirmed the structure of the prepared compounds. Shorter reaction time, environment friendly procedure and excellent yields are the advantages of microwave synthesis. The newly synthesized pyrimidine derivatives were screened for their anthelmintic activity and found to have moderate to considerable activity as compared to the standard drug. Results: Some of the synthesized compounds exhibited significant anthelmintic activity. Compound 4e with electron withdrawing groups was found to be highly potent among the series. This attempt will lead to an increased number of new and sustainable methods for the synthesis of biologically-active pyrimdine derivatives.
INTRODUCTION
Chalcones are α,β-unsaturated ketones consisting of two aromatic rings such as ring A and B. Both rings are interconnected by a highly electrophilic three carbon α, β-unsaturated carbonyl system that assumes linear or planar structure.
1,2 They possess conjugated double bonds and a completely delocalized π-electron system on both benzene rings. Chemically, chalcone is 1,3-diphenyl-2-propene-1-one. These are coloured compounds due to presence of the chromophore, ketoethylenic group (-CO-CH=CH-) in their structure. 3, 4 The structure of chalcone with plane, centroid and exclusion sphere is shown in the Figure 1 . The energy minimized 3D structure of chalcone is presented in the Figure 2 . Chalcones are synthesized by claisen-schmidt condensation of ketone with different aromatic aldehydes by strong bases (NaOH/ KOH) or acid catalyzed followed by dehydration process. 5, 6 The presence of reactive α,β-unsaturated keto group in chalcones is found to be responsible for producing their biological activity. 7 Chalcone derivatives are considered as key starting materials for the syntheses of different classes of heterocyclic compounds such as pyrazolines, oxazoles, isoxazoles, thiophenes and pyrimidines, etc. 8, 9 Among the heterocyclic compounds, Pyrimidine derivatives are valuable heteroaromatic compounds because of their wide spectrum of pharmacological applications such as antimalarial, anthelmintic, anticancer, antimicrobial, anti-convulsion and anti-inflammatory activities. [10] [11] [12] Numerous methods have been reported to prepare pyrimidine derivatives. 13, 14 However, these reported methods suffered from drawbacks such as longer reaction time, complicated work up procedures, use of acids or bases and hazardous solvents. 15, 16 Thus, the use of microwave energy for the synthesis of new drug molecules follows green chemistry approach. [17] [18] [19] Out of the various principles of green chemistry, the important one is the maximization of the atom economy which evaluates the efficiency of chemical transformation of reactant materials and is calculated as follow. [20] [21] [22] Molecular weight of desired product % Atom utilization 100 Molecular weight of desired product waste product
In the present study and as a part of our project, we have planned to prepare pyrimidine derivatives using both conventional as well as microwave induced heating methods and to study their anthelmintic activity.
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Chemistry
Pyrimidine derivatives (4a-e) were prepared via chalcones by the treatment of chalcones with urea in the presence of ethanolic potassium hydroxide solution. Claisen-Schimidt condensation mechanism is followed to synthesize chalcones (3a-e) by reaction of acetophenone (2) with various substituted benzaldehyde (1a-e) in the presence of ethanolic potassium hydroxide solution as presented in Figure 3 and scheme-1.
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EXPERIMENTAL METHOD
All chemicals were of synthetic grade (S. D. Fine. Chem. Ltd. Mumbai, India). Both conventional and microwave synthesis was carried out to compare reaction time and yield of product. The microwave irradiated synthesis was performed in scientific microwave oven, Catalyst System (operating between 140-700 W). All the reactions were carried out at power level-2, which corresponds to 210 W. The synthesized products were recrystallized from ethanol as a solvent. Melting points were determined in open capillary tubes, expressed in 0 C and are uncorrected. The time required for completion of the reaction and the purity of the compounds were checked by ascending TLC using pre-coated Silica gel-G plates and spots were observed by exposure to iodine vapours or by UV light at 254 and 366 nm. The compounds were characterized by using IR,
1
H NMR, Mass spectral and Elemental analysis. The IR spectra of Table 1 .
Synthesis of chalcones 3(a-e)
Substituted benzaldehydes (1a-e) (0.01mol) and acetophenone (2) (0.01 mol, 1.2 g) were mixed and dissolved in ethanol (10 mL). To this, 40% aqueous solution of potassium hydroxide (10 ml) was added slowly with constant stirring. The reaction mixture was stirred continuously for 3 h at room temperature. The completion of reaction was confirmed by monitoring TLC using silica gel-G. After completion of the reaction, the reaction mixture was kept in refrigerator overnight. The product was filtered and washed with cold water till the washings were neutral to litmus, if necessary acidified with dilute HCl. The product was dried and recrystallized from rectified spirit to get pale yellow colored solid chalcones (3a-e).
Syntheses of 4-(substituted-phenyl)-6-phenylpyrimidin-2(1H)-one (4a-e)
Conventional synthesis
A mixture of chalcone (3a-e) (0.01 mol), urea (0.01 mol, 0.6 g) were dissolved in ethanol (10 mL, 95%). To this, 40% aqueous potassium hydroxide solution (10 mL) was added slowly with constant stirring. The reaction mixture was allowed to reflux on water bath for 4 h. In between TLC was monitored to check the completion of reaction. After completion of reaction, the reaction mixture was cooled to room temperature and then poured into ice cold water and neutralized by adding dilute HCl. The precipitate (4a-e) obtained was filtered, washed with water and dried. The product was recrystallized from rectified spirit.
Microwave synthesis
A mixture of chalcone (3a-e) (0.01 mol), urea (0.01 mol, 0.6 g) were dissolved in ethanol (10 mL, 95%). To this, 40% aqueous potassium hydroxide solution (10 mL) was added slowly with constant stirring. The reaction mixture was placed in microwave and irradiated at power level-2 (210 W) for 7-10 min. In between, TLC was monitored to check the completion of reaction condition. After completion of reaction, the reaction mixture was cooled to room temperature and then poured into ice cold water and neutralized by adding dilute HCl. The precipitate obtained was filtered, washed with water and dried. The product (4a-e) was recrystallized from rectified spirit.
4,6-diphenyl-pyrimidin-2(1H)-one (4a)
IR (n, cm petriplates and adult healthy earth warms (n=6) were introduced into petriplates. Observations were made for the time taken to paralyze and time taken for death of the earthworms. Paralysis was said to occur when the worms do not revive even in normal saline. Death was concluded when worms lost their motility followed by fading away of the body color and the values are summarized in Table 2 and presented in Figure 4 .
RESULTS AND DISCUSSION
The chalcones were prepared by the Claisen Schmidt condensation of acetophenone (2) with various substituted benzaldehyde (1a-e) in the presence of ethanolic potassium hydroxide solution. Both conventional as well as microwave assisted methods followed to prepare a series of pyrimidine derivatives via chalcones by the treatment of chalcones with urea in basic media (Scheme I). The prepared compounds along with their reaction time period and percentage yields were given in Table 3 . It was found that the microwave assisted method is energetically favourable which requires less time with enhanced reaction rates and provides better yields (79-85%) with pure product as compared to
4-(4-hydroxy-phenyl)-6-phenyl-pyrimidin-2(1H)-one (4e)
IR (n, cm 
Anthelmintic Activity
Helminthiasis is a macroparasitic disease found in humans due to parasitic worms such as Nematodes or Cestodes which are present in skin, liver, brain, lungs, lymph, eye, muscles etc. of the body. The marketed anthelmintic drugs are used to expel such parasitic worms from the body by either stunning or killing them without causing any significant damage to the host cell. Pyrimidine derived drugs such as pyrantel and morantel are commonly used as anthelmintic agents which has broad spectrum activity. Indian adult earthworms were selected to study the antihelmintic activity. The earthworms were collected from the water logged areas of soils in Vissannapeta, Andhra Pradesh, India. Earthworms were washed with normal saline to remove all the fecal matter and waste surrounding their body. The earth worms (Pheritima posthuma) 5-8 cm in length and 0.2-0.3 cm width weighing 0.8-3.04 g were used for experimental protocols. As the earthworms are resembled anatomically and physiologically with the intestinal roundworm parasites of human beings, hence they were selected to study the anthelmintic activity. 29 
Procedure
Gum acacia solution (1%) was prepared by using normal saline. Test solutions (100mg/ml) were prepared by using Gum acacia solution. Samples were taken in conventional synthesis (yield 58-65%). All the synthesized compounds were soluble in methanol, ethanol, and dimethyl sulphoxide and insoluble in nonpolar solvents. The structures of prepared pyrimidine derivatives have been elucidated by spectroscopic data and elemental analysis. The synthesized compounds were analyzed by their physical and chromatographic parameters. Further analysis by IR, NMR, and Mass spectroscopy was carried out to interpret the structure of the above synthesized compounds. The mobile phase selected for TLC study was n-hexane: ethyl acetate (70:30). The spectra of chalcones show usually a peak, near 1625-1650 cm -1 , characteristic of α,β unsaturated carbonyl group. The α-H and β-H of chalcones resonate at δ 6.7-7.4 and δ 7.3-7.7 as two doublets (J=17 H 2 ) in the 1 H NMR spectra. The IR spectrum of pyrimidine derivatives (4a-e) showed absorption at l max 2923-2983 cm -1 (Ar-C-H), 1344 and 1606 cm -1 (Ar-NO 2 ), 1647-1690 (C=O Str), 3247-3378 cm -1 -3308 (pyrimidine-NH Str.), 3362-3420 (Ar-OH) respectively. In the 1 H NMR spectrum, the proton of the -CH and -NH of pyrimidine nucleus resonated as a sharp singlet at δ 3.61 and 8.24 respectively. The aromatic protons were seen as a multiple at δ 6.74-8.02. The mass spectra of the pyrimidine derivatives exhibited molecular ion peak corresponding to their molecular formula. Compound 4b and 4c showed molecular ion peak at m/z 293.4 and 293.5 respectively. All the synthesized compounds showed significant anthelmintic activity. Among the tested compounds, 4e showed potential anthelmintic activity 25 ± 0.36 and 35 ± 0.72 min for paralysis and death respectively as compared to the standard drug.
STRUCTURE ACTIVITY RELATIONSHIP (SAR) STUDY
The structure-activity relationship study is based on the above results which indicate that compounds with electron withdrawing groups on the aromatic ring showed increased potency. The presence of various substitutions such as hydroxy, methoxy, nitro groups on ring provides significant activity. Hence, it clearly indicates that the position and number of substituents in the compounds is responsible for increased in their biological activity as presented in Figure 5 . The intense in activity of the compounds is also greatly influenced by the amount of activation or deactivation and position of the groups on the ring.
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CONCLUSION
In an attempt to develop new class of anthelmintic agents, a series of pyrimidine derivatives were efficiently synthesized with good yield and purity in less reaction time by microwave irradiated method as compared to conventional heating technique. Microwave irradiated synthesis is an invaluable technology which made the chemical reaction simple, rapid and eco-friendly to get the cleaner products. By the help of microwave synthesis, the yield of product was increased from 58% upto 85% as compared to conventional synthesis which signifies the utility of green chemistry approach. Some of the synthesized compounds showed significant anthelmintic activity. Compound 4e with electron withdrawing groups was found to be highly potent among the series. Thus, the quest to explore many more modifications on chalcone and pyrimidine moiety needs to be continued. 
SUMMARY
A series of pyrimidine derivatives via chalcones (4a-4e) were synthesized by Claisen-Schimidt condensation reaction and evaluated for in vitro anthelmintic activity against helminthes. The novel target compounds were further characterized by various physical, spectral and analytical techniques. Among the synthesized derivatives, 4e found to be most effective anthelmintic compound. Albendazole was used as reference anthelmintic agent. Hence it was summarized that 4-(4-hydroxyphenyl)-6-phenyl-pyrimidin-2(1H)-one (4e) derivative with electron withdrawing substituent might be used for designing more effective anthelmintic agents. And also by the help of microwave synthesis, the yield of product was increased as compared to conventional synthesis which signifies the utility of green chemistry approach. 
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